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N osocomial infections represent a major problem in hospitals because of the excess morbidity, mortality, and costs. [1] [2] [3] Ventilator-associated pneumonia (VAP) in particular is associated with an increase in morbidity and mortality. 4 -6 The incidence of VAP ranges from 9 to 68% depending on the patient population. 7 VAP that occurs within 48 h after tracheal intubation is termed early-onset pneumonia and often results from aspiration during intubation. 8 VAP that occurs after 48 h is defined as late-onset pneumonia. 9 -11 In the pathogenesis of VAP, two processes are considered essential for its development: bacterial colonization of the oropharynx and tracheobronchial
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tract, followed by aspiration of contaminated secretions into the lower airways. [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] It has been shown that the presence of an endotracheal tube also facilitates bacterial colonization of the tracheobronchial tree. 14 -16 Several studies 14 -18 have shown that pooled secretions above inflated endotracheal tube cuffs may be a source of aspiration and can be the cause of VAP. It has been suggested that chronic aspiration of subglottic secretions can be prevented by changing body position or by intermittent drainage of subglottic secretions. [12] [13] [14] [15] We performed a randomized trial to study the incidence of VAP in patients receiving mechanical ventilation for Ͼ 72 h, in which we compared an endotracheal tube with a dorsal lumen for intermittent drainage of subglottic secretions (Hi-Lo Evac; Mallinckrodt; Athlone, Ireland 14 ) with a conventional endotracheal tube.
Materials and Methods

Study Protocol
The study was performed in a 12-bed general ICU at the Bosch Medical Center, 's-Hertogenbosch, the Netherlands. The study protocol was reviewed and approved by the medical ethical committee of the hospital. Between May 1999 and June 2000, we studied 150 patients admitted to our ICU and expected to receive mechanical ventilation for Ͼ 72 h. Randomization was performed by drawing a card from a sealed envelope. The study group received an oral endotracheal tube with the possibility of intermittent subglottic secretions drainage. The control group received an oral conventional endotracheal tube. Informed consent was obtained from the nearest relative. We used intermittent instead of continuous subglottic drainage because continuous suction with 100 mg Hg may damage the tracheal wall. Intermittent suctioning was performed with a 20-s interval and duration of 8 s. All patients received stress ulcer prophylaxis with sucralfate.
Our standard protocol for infection prevention in patients receiving mechanical ventilation includes changes in body position from the left to the right decubitus position every 4 h, and routine endotracheal suction every 4 h or with an increase in airway resistance or audible or visible secretions in the endotracheal tube. Routine use of the semirecumbent position or selective decontamination of the digestive tract were not in place. Formal cuff pressures were not measured, but sealing of the endotracheal wall by the cuff was controlled every 4 h as a routine measure in our department. The cuff was inflated until no audible air leak occurred.
Data Collection
The following data were recorded: demographics, primary reason for ICU admission, APACHE (acute physiology and chronic health evaluation) II score, 24 presence of infection on hospital admission, antibiotic use, and risk factors for VAP (previous surgery, trauma, history of COPD, antibiotics at randomization, APACHE II score and stress ulcer prophylaxis). Outcome measures were incidence of VAP, duration of mechanical ventilation, length of ICU stay, length of hospital stay, and mortality on the ICU.
Microbiological Analysis and Monitoring
On admission to the ICU, surveillance cultures for aerobic microorganisms in the subglottic secretion were obtained from all patients in the study group. A tracheobronchial sample was obtained by tracheobronchial suction in the first 24 h in all patients using an aseptic catheter with a mucus collector. Throughout the ventilation period, tracheobronchial samples were obtained twice weekly.
The diagnostic criteria of VAP were adapted from criteria established by the American College of Chest Physicians. We did not include BAL fluid cultures in the criteria because routine sampling of lower-airway secretions by bronchoscope is not performed in our unit. [25] [26] [27] VAP was diagnosed when a new or progressive radiographic infiltrate developed in conjunction with either radiographic evidence for cavitation, histologic evidence of pneumonia, a positive blood culture finding without other source evidence of infection, a positive pleural fluid culture finding, or with any two of the following symptoms or signs: fever (increase in rectal temperature Ͼ 38.0°C), leukopenia, or leukocytosis or a purulent tracheal aspirate. Leukopenia and leukocytosis were defined as a leukocyte counts Ͻ 3 ϫ 10 6 /L and Ͼ 10 ϫ 10 6 /L, respectively. Tracheal secretions were considered purulent when the aspirate showed Ͼ 25 leukocytes per field. A radiologist blinded to the group assignment interpreted all chest radiographs.
Statistical Analysis
Analysis was performed with the statistical software (SPSS version 10.0 for Windows; SPSS; Chicago, IL). We used the Student's t test or Mann-Whitney test for continuous variables, and 2 test for categorical variables. Relative risks (RRs) with 95% confidence intervals (CIs) were calculated. 28 The randomsample size was based on a power of 80% with a 15% reduction of the cumulative incidence of VAP. Survival analysis was used to calculate the probability of the development of nosocomial pneumonia during mechanical ventilation. 29 
Results
Total Study Population
Over a period of 13 months, 150 patients were enrolled in the study. The demographic data of the total study population are shown in Table 1 . The two groups were similar in age, demographic character- Table 2 ). No significant differences were found in duration of mechanical ventilation, length of ICU stay, length of hospital stay, and mortality ( Table 2 ). All patients with a diagnosis of VAP were treated with antibiotics.
Patients Receiving Mechanical Ventilation for Ͼ 72 h
Of the 150 patients, 42 patients (28%) were received mechanical ventilation Ͻ 72 h for the following reasons: early extubation (37 patients) or death (5 patients). Furthermore, three patients had pneumonia develop within 72 h. Of the 105 remaining patients receiving mechanical ventilation, 49 patients (46.7%) were randomized to the study group and 56 patients (53.3%) were randomized to the control group. Outcome measures are shown in Table 3 . Five patients in the control group and two patients in the study group had pneumonia develop in the first week of hospital admission. The diagnosis of VAP in the other patients was made at a later time. Figure 1 provides the Kaplan-Meier curves comparing the onset of VAP in the two groups. Survival analysis and log-rank test indicated no significant differences (p Ͼ 0.05). Thirty-six patients (48%) in the study group and 38 patients (51%) in the control group received antibiotics at randomization. These antibiotics were usually administered for surgical prophylaxis.
Culture Data
In every case, the development of VAP was preceded by isolation of the infecting microorganism from the tracheal aspirate. Isolates had the same antibiotic susceptibilities, although phage typing or molecular typing was not performed. A total of 65% of all aspirates yielded polymicrobial cultures with several different pathogenic microorganisms (Table  4) . Two patients with subglottic drainage had VAP develop. One patient had infection with Pseudomonas aeruginosa in combination with Klebsiella pneumonia; the other patient had infection with Staphylococcus aureus. The following organisms were isolated from the 10 patients with VAP in the control group: S aureus (n ϭ 3), P aeruginosa (n ϭ 3), Streptococcus pneumoniae (n ϭ 2), Escherichia coli with Haemophilus influenzae (n ϭ 1), and yeast (n ϭ 1). 
Discussion
In this randomized trial, 150 patients with an expected duration of mechanical ventilation Ͼ 72 h were randomized to intermittent subglottic secretion drainage or to a control group. VAP developed in 15 patients (10%), which translates to an incidence rate of 15.6 episodes per 1,000 ventilator-days. Patients randomized to intermittent subglottic secretion drainage had a statistically lower incidence of VAP than patients intubated with the conventional endotracheal tube. Three patients had VAP develop within 72 h (one patient with subglottic suctioning and two patients in the control group). As early-onset VAP is probably directly related to the intubation procedure, the use of subglottic suctioning is unlikely to change this incidence. No statistical differences were found in the duration of mechanical ventilation, length of ICU stay, length of hospital stay, and mortality. Several authors 30 -32 have stated that the attributable mortality from VAP is probably low, although it may be increased with Pseudomonas and Acinetobacter spp. Our study was not designed and probably to small to show a possible reduction in mortality.
Our results are in agreement with several earlier studies. 14 -16 Mahul et al 15 studied a total of 145 patients intubated for Ͼ 3 days. In this study, nosocomial pneumonia was prevented by two additive measures: (1) prevention of aspiration by hourly subglottic secretion drainage, and (2) prevention of gastric colonization with either sucralfate or antacids. Subglottic secretion drainage treatment was associated with a decreased incidence of VAP (13% vs 29.1%) and a prolonged time until onset of VAP (8.3 Ϯ 5 days vs 16.2 Ϯ 11 days). Valles et al 12 studied 190 patients in a mixed medical-surgical ICU with an expected need for prolonged intubation (Ͼ 3 days). A total of 153 patients were randomized. Seventy-six patients had continuous aspiration of subglottic secretions, and 77 patients received standard treatment. The incidence rate of VAP was 19.9 episodes per 1,000 ventilator-days in the patients receiving continuous aspiration of subglottic secretions and 39.6 episodes per 1,000 ventilator-days in the control patients (RR, 1.98; 95% CI, 1.03 to 3.82). Episodes of VAP occurred later in patients receiving continuous aspiration (12.0 Ϯ 7.1 days) than in the control patients (5.9 Ϯ 2.1 days; p ϭ 0.003). No significant differences in outcome were found.
In contrast to these results, Kollef et al 13 studied 343 patients undergoing cardiac surgery and requiring mechanical ventilation. One hundred sixty patients were assigned to continuous subglottic secretion drainage, and 183 patients were assigned to routine postoperative care. VAP was seen in 8 patients (5.0%) in the study group and in 15 patients (8.2%) in the control group. The difference was not statistically significant. Episodes of VAP occurred later in the patients in the study group. No statistically significant differences in other outcome measures were found. One explanation of the differences in outcome between this study and the other studies is the patient population studied (case mix). The number of patients in the study by Kollef et al 13 may have been too low to detect a significant difference, as the incidence of VAP in the patients randomized to the control group was much lower in this study than in the other three studies. In our study, isolation of a pathogenic microorganism from the subglottic secretions preceded the development of VAP in every patient. P aeruginosa and K pneumoniae were cultured in 58% of the patients who had VAP develop, and S aureus was cultured in 33%.
Our study has some limitations. First, we used a clinical diagnosis of VAP without quantitative cultures of lower respiratory secretions obtained by bronchoscope. However, research has suggested that the use of clinical criteria to establish the diagnosis of VAP is acceptable because of its greater diagnostic sensitivity compared with bronchoscopically obtained cultures and its good correlation with hospital mortality. [25] [26] [27] Other authors 31 have also suggested that diagnostic criteria for VAP, not based on bronchoscopically obtained specimens, are acceptable. Although the radiologist who interpreted the chest radiograph was blinded to the two study arms, bias cannot be excluded. A second limitation is that the sample size of the study is relatively small. All randomized patients were expected to receive mechanical ventilation for Ͼ 72 h. However, many patients were excluded because they were extubated within 72 h (28%). This did not influence the results of our study, as a decrease in VAP was also found when the analysis was done on an intention-to-treat basis. We conclude from our study that VAP can be prevented by subglottic secretion drainage in patients expected to receive mechanical ventilation Ͼ 3 days, and recommend that drainage of subglottic secretions be incorporated in the routine care of these patients.
